INTRODUCTION {#s1}
============

Stabilization muscles of the shoulder complex act together with the rotator cuff muscles to provide stability. Imbalance and weakening of the force couple of the serratus anterior (SA) muscle and upper trapezius (UT) fibers degrade shoulder function[@r1]^)^. The SA muscle plays an important role in primary stabilization of the shoulder bone. It is an important protraction muscle for the shoulder chest joint and has good lever action in the protraction around the vertical axis of rotation of the acromioclavicular joint[@r2]^)^. A weakened SA muscle is commonly observed in baseball players with shoulder instability, individuals with shoulder impingement syndrome, and swimmers with shoulder pain. Decreased muscular activity of SA is found to be correlated with abnormal motion of the shoulder[@r3], [@r4]^)^. Closed chain arm exercises to improve bone stabilization in the shoulder often include push-up plus exercise, which are modified general push-ups with maximum protraction of the scapula with the elbow joint extended[@r5]^)^. Togu exercise is a form of closed chain shoulder exercise using unstable support surface for hands such as slings for push-up plus exercise[@r6],[@r7],[@r8]^)^. Although studies have examined different elements of push-up plus as the Togu exercise, study on the effect of leg angle on muscle activity during the push-up plus is limited. Few studies have researched the effect of leg angle on muscle activity during push-up plus exercise. To address this gap, the current study investigated the effect of three different leg angles (70°, 90°, and 110°) during push-up plus exercise on shoulder stabilization muscles.

PARTICIPANTS AND METHODS {#s2}
========================

Fifteen healthy adult males attending the U University in Chungcheongbuk-do, Korea participated in this study. Mean age, height, and weight were 22.0 ± 2.0 years, 174.0 ± 4.2 cm, and 64.1 ± 7.7 kg, respectively. Participants were excluded if they had past or current pain or dysfunction in the shoulder bones and joints, received a shoulder surgery within past six months, or had a history of damage or instability of the shoulder joints. Ethical approval for the study was granted by the U1 University Institutional Review Board. All participants read and signed consent forms prior to participation, in accordance with the ethical standards of the Declaration of Helsinki.

An electric up-down table (TT1000, Entec, Korea) was used to change the angle of the leg, and a goniometer application for smartphones (Clinometer, plaincode, Germany) was used to measure the leg angle. Smartphone arm band (NCS-01, Nexo, China) was used to wear smartphone. Electromyography (EMG) using the MP150 BIOPAC System (BIOPAC Systems, Inc., USA) measured muscle activities. The surface electrodes were attached to the SA muscle, pectoralis major (PM) muscle, and UT fibers. The SA muscle of a surface electrode was attached to the anterior part of the latissimus dorsi muscle at rib level height (ribs 5 and 6), 2 cm into the medial part of the anterior axillary border for the PM, and to the central-posterior part of the UT muscle (between the C7 and acromion spinous processes). Electromyography signals were collected using a sampling rate of 1,000 Hz and then processed using full-wave rectification. The data were analyzed using AcqKnowldege^®^ version 3.81 (Biopac Systems, Santa Barbara, CA, USA) software. Band pass filtering was applied at 30--500 Hz and then again at 60 Hz to remove noise. The measured raw data were converted into the root mean square and the measured values obtained for the four seconds at the center of the movement (excepting the first and last three seconds) were used as the measurement result for 10 seconds for the purpose of standardizing the collected data. The obtained the root mean square values were divided by the maximum voluntary isometric contraction (MVIC) and normalized to the % MVIC value in order to calculate the result.

Before the experiment, a smartphone goniometer was attached to each participant using a smartphone arm band three centimeters above the lateral malleoli. With feet placed on the electric up-down table, the electric up-down table was raised from the ground so that the leg angle could be changed to 70°, 90°, and 110°. The leg angle is between the line perpendicular to the ground and the line that connects hip and lateral malleoli. Muscle activity was measured for each leg angle of 70°, 90°, and 110°. Participants put both hands on the floor at shoulder width, keeping arms perpendicular to the floor and fully extending elbows. They performed the push-up plus exercise while maintaining this posture. Participants were instructed to keep the shoulder joint, hip joint, knee joint and ankle joint as straight as possible. If the participant failed to keep correct posture, data were not collected. Participants performed the push-up plus exercise and maintained the posture for 10 seconds and repeated the process three times with break in between exercises.

The effect of leg angle on muscle activities of shoulder stabilization muscles were analyzed by a one-way repeated measures analysis of variance (ANOVA). A Bonferroni correction was performed as a post-hoc test. Statistical analysis was performed using Microsoft Excel 365 (Microsoft office Inc., Korea), and the significance level (α) was set at 0.05.

RESULTS {#s3}
=======

The results revealed significant differences in SA muscle activity (p\<0.05), but there were no significant differences in the activities of the UT fibers and PM muscles (p\>0.05). Post-hoc analysis showed that SA muscle activity at the leg angle of 110° was significantly higher than at 70° and 90° (p\<0.05; [Table 1](#tbl_001){ref-type="table"}Table 1.Comparison of SA, PM, and UT muscle activities by leg angle (unit: %)70°90°110°post-hocSA55.6 ± 19.070.2 ± 21.584.6 ± 14.470°, 90°\<110°^\*\*^PM23.9 ± 16.723.3 ± 15.428.1 ± 12.4UT7.5 ± 4.113.1 ± 12.518.9 ± 19.9Mean ± SD. SA: Serratus anterior; PM: Pectoralis major; UT: Upper trapezius fibers, \*\*p\<0.01, repeated measures one-way analysis of variance.).

DISCUSSION {#s4}
==========

In general, when the SA muscle is weakened, the UT fibers are activated, and a full upward rotation of the shoulder bone cannot be made. Change in the normal movement of the shoulder causes shoulder bones to rise instead of rotating upward, resulting in a shrugging motion[@r9]^)^. To activate weak SA muscles, Ellenbecker et al.[@r10]^)^ recommended push-up plus exercise as an effective closed chain exercise to train SA muscles and scapular stabilizing synergists.

Although Ludewig et al.[@r11]^)^ reported that excessive activity of UT fibers occurs in patients with an imbalance of SA muscle, activity of UT fibers was not significantly different in the current study. This result may have occurred because the participants were healthy young adults and had no SA muscle imbalance. Furthermore, the lack of significant difference in PM muscle activity is consistent with the findings of Park et al.[@r12]^)^ They found that in participants performing push-up plus exercise, the PM muscle contributed more to the centering and dynamic stabilization of upper arm bones during bending and stretching of the elbow joint rather than to the static stabilization of the shoulder bones. In the current study, SA muscle activity at the leg angle of 110° was significantly higher than at 70° and 90°, which is consistent with the findings of Lear and Gross[@r13]^)^, which showed that as leg angle increased, the load on the shoulder joint increased and, as a result, ground reaction force increased.

It is important to note that the results of this study cannot be generalized because the participants were healthy adult men in their 20s and the sample size was limited. Similar to the approach used in the study by Lear and Gross[@r13]^)^, the study participants were asked to extend their arms forward and parallel to each other, to the width of their shoulders, and then to bend forward and hold on to their ankles, while keeping the trunk and pelvis straight between their shoulders and ankles. When the straight line could not be maintained, the pelvis of each participant was lifted up by the operator to maintain a straight line, and then supported with their hands. However, the participants found it difficult to ensure that the line remained completely straight. This was a study limitation.

The push-up plus exercises were demonstrated to have a positive effect on muscular stabilization of the shoulder in the current study. An increase in SA activity correlated with an increase in leg angle. Although further study is necessary in a population with shoulder injury, increase in the leg height during push up plus exercise may benefit higher level patients such as athletes with shoulder instability
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